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(54) FREEZE-DRIED COMPOSITION CONTAINING GLYCOSPHINGOLIPID AND PROCESS FOR 
PRODUCING THE SAME 

(57) The object of the present invention is to improve the solubility of sphingoglycolipids having low solubility in 
water. 

Disclosed is a lyophilized composition comprising the a-glycosylceramide represented by the following formula (A) 
or a salt thereof, a polyoxysorbitan fatty acid ester and disaccharide or monosaccharide, and preferably additional deox- 
ycholic acid or histidine, and a process for preparing it: 
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R-i represents H or OH; 

X denotes an integer in the range of 7 — 25; 

R2 represents any one of the substituents -CH2(CH2)yCH3, -CH(OH)(CH2)yCH3, -CH(OH)(CH2)yCH(CH3)2, - 
CH=CH(CH2)yCH3, or -CH(OH)(CH2)yCH(CH3)CH2CH3, wherein Y denotes an integer in the range of 5 — 17; 
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either one of R3 or R4 represents H, and the other represents H, OH, NH2 or NHCOCH3; either one of R5 or Rg 
represents H, and the other represents OH; either one of R7 or Rq represents H, and the other represents OH; Rg 
represents H, CH3 or CH2OH. 
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Description 

Technical Field 

5 [0001] The present invention relates to lyophilized compositions containing sphingoglycolipid, and more particularly 
to lyophilized compositions containing sphingoglycolipid, in which the sphingoglycolipids intrinsically having low or little 
solubility into water have been improved in their solubility into water, and the process for preparing them. 

Background Art 

10 

[0002] a-sphlngogiycolipids exhibit a variety of useful physiological activities in body, and may be used for numer- 
ous medical agents such as anti-tumor agents, immunostimulators, and bone marrow cell proliferating promoters. 
[0003] Amongst the sphingoglycolipids, most of the ones comprising monosaccharide as the sugar moiety are of 
low or little solubility in water. Various methods have been examined in order to improve the solubility of such sphin- 
15 goglycolipids, resulting in unsatisfactory solubility. There is a problem in these methods that solution of the sphingogly- 
colipids in water preciptates during their storage thereby decreasing the solubility with the passage of time. 

Disclosure of the Invention 

20 [0004] In view of such circumstances as above, the object of the present invention is to provide a lyophilized com- 
position comprising a low or little soluble sphingoglycolipid sugar moiety of which is composed of a monosaccharide 
and maintaining a high re-solubility even after storage for a long period. 

[0005] The present inventors have found that when a sphingoglycolipid (a-glycosylceramide) which has a-glycosyl 
linkage structure comprising a monosaccharide as a sugar moiety and a low solubility in water was lyophilized after 
25 incorporation to be dissolved in a solvent together with a polyoxysorbitan fatty acid ester and sucrose (white sugar), 
mannitol or glucose, or alternatively further comprising sodium deoxycholate or histidine, the composition has an 
extremely high re-solubility still after storage for a long period. The present invention has been accomplished on the 
basis of the finding. 

[0006] That is to say, the present invention relates to a lyophilized composition comprising the a-glycosylceramide 
30 as an active ingredient represented by the following formula (A) or a salt thereof, a polyoxysorbitan fatty acid ester and 
sucrose, mannitol or glucose, or alternatively further comprising sodium deoxycholate or histidine: 



35 



40 




45 (A) 

wherein 

50 R-i — Rg and X represent a particular group and an integer in the particular range described hereinafter, respec- 

tively. 

[0007] The present invention also relates to a process for preparing the lyophilized composition which comprises 
dissolving the components incorporated in the composition in a heated aqueous solvent, cooling and then subjecting 
55 the solution to the step of lyophilization. 
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Brief Description of the Drawings 
[0008] 

5 Fig. 1 is a diagram iilustrating a syntlietic reaction route of a typical example of the a-glycosylceramide compounds 

(KRN 7000) used in the present invention, 

in which reaction route pyr represents pyridine, BrPPh3(CH2)i2CH3 represents tridecanetriphenylphosphonium 
bromide, n-BuLi represents n-butyl lithium, MsCI represents methanesulfonyl chloride, BnBr represents benzyl bro- 
mide, and 1-PrOH represents propyl alcohol. 
10 Fig. 2 is a diagram illustrating a synthetic reaction route following Fig. 1 , 

in which reaction route WSC-HCI represents 1 -ethyl-3-(3'-dimethyl-aminopropyl)carbodiimide hydrochloride, 
MS4A represents Molecular Sieves 4A, and Hex4NBr represents tetrahexylammonium bromide. 

Best Mode for Carrying out the Invention 

15 

[Compound represented by the formula (A)] 

[0009] The compound used in the composition according to the present invention is as described above the com- 
pound having the a-galactoceramide structure represented by the formula (A), in which X and R-| — Rg are defined as 

20 described below. 
[In the formula, 

Ri represents H or OH, 
X denotes an integer in the range of 7 — 25, 
25 R2 represents any one of the substituents defined in the following (a) — (e): 

(a) -CH2(CH2)yCH3, 

(b) -CH(OH)(CH2)yCH3, 

(c) -CH(OH)(CH2)yCH(CH3)2, 
30 (d) -CH=CH(CH2)yCH3, 

(e) -CH(OH)(CH2)yCH(CH3)CH2CH3, 

wherein Y denotes an integer in the range of 5 — 17, 

either one of R3 or R4 represents H, and the other represents H, OH, NH2 or NHCOCH3, 
35 either one of R5 or Rq represents H, and the other represents OH, 

either one of R7 or Rs represents H, and the other represents OH, R9 represents H, CH3 or CH2OH.] 

[0010] In the preferred embodiment, the above-described compound is the a-glucosylceramide represented by the 
formula (A') 

40 



45 



50 




(A') 

55 wherein R^, R2 and X have the same meanings as defined above, and R3 — Rg represent the substituents defined in 
the following i) — v): 

i) when R3, Rq and Rq represent H, 
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R4 represents H, OH, NHg or NHCOCH3, 

R5 represents OH, 

R7 represents OH, 

Rg represents H, CH3 or CH2OH; 
5 ii) when R3, Rq and R7 represent H, 

R4 represents H, OH, NH2 or NHCOCH3, 

R5 represents OH, 

R3 represents OH, 

Rg represents H, CH3 or CH2OH; 
10 iii) when R4, Rg and R7 represent H, 

R3 represents H, OH, NH2 or NHCOCH3, 

R5 represents OH, 

Rq represents OH, 

Rg represents H, CH3 or CH2OH; 
15 iv) when R4, R5 and R7 represent H, 

R3, Rq and Rq represent OH, 

Rg represents H, CH3 or CH2OH; 

v) when R3, R5 and R7 represent H, 

R4, Rq, and Rs represent OH, 
20 Rg, represents H, CH3 or CH2OH. 

[001 1] The preferred a-glycosylceramide compound used in the present invention is the one having the sugar moi- 
ety in the formula (A) in which R3, Rq, and Rs represent H, R4, R5 and R7 represent OH, and Rg represents CH2OH, 
and the ceramide moiety in which R2 represents substituent (b), (c) or (e) containing an OH, particularly (b). In the pre- 
25 ferred compounds described above, the compounds having the ceramide moiety in which R-| represents H and R2 rep- 
resents (b) are more preferred. In addition, X of methylene in the all^yl group of the ceramide moiety preferably denotes 
the integer in the range of 11 — 25, more preferably in the range of 21 — 25, and Y in the group R2 preferably denotes 
the integer in the range of 9 — 17, more preferably in the range of 1 1 — 15. 

[0012] Among the a-glucosylceramides used in the present invention, (2S,3S,4R)-1 -(a-D-galactopyranosyloxy)-2- 
30 hexacosanoylamino-3,4-octadecanediol is the particularly preferred compound and referred to hereinafter as KRN7000 
(see Fig. 2 as to the structural formula). 

[0013] The compound represented by the formula (A) may include an acid adduct salt thereof. The compounds 
used in the present invention include the adduct salts thereof. 

[0014] Acids with which the acid adduct salts are formed include for example inorganic acids such as hydrochloric 
35 acid, sulfuric acid, nitric acid, phosphoric acid, and organic acids such as acetic acid, propionic acid, maleic acid, oleic 
acid, palmitic acid, citric acid, succinic acid, tartaric acid, fumaric acid, glutamic acid, pantothenic acid, laurylsulfonic 
acid, methanesulfonic add and phthalic acid. 

[0015] In addition, it is a matter of course that when an acid addition salt is used as a pharmaceutical agent, the 
acid must be a pharmaceutically acceptable one. 
40 [0016] The active component compound used in the present invention can be prepared by any methods appropri- 
ate for the synthesis of an a-glycosylceramide. 

[0017] Some of the a-glycosylceramide compounds are described together with the methods for synthesizing them 
in WO93/5055, W094/2168 and WO94/9020, and can be prepared according to the methods. Also, as the preferred 
method, there is illustrated in the Examples mentioned hereinafter a method for synthesizing the compound KRN7000, 
45 that is a method for synthesizing the ceramide moiety starting from D-lyxose and bonding galactose as the sugar moiety 
to the ceramide thus synthesized (see the Examples hereunder and Figs. 1 and 2 as to the details). The objective com- 
pound can be synthesized according to the method. In addition, the general synthesis method of a-glycosylceramides 
is disclosed for example in J. Med. Chem., 38, 2176 (1995). 

50 [Lyophilized composition and method for preparing it] 

[0018] The lyophilized composition according to the present invention can be used for such applications as injec- 
tions and as culture medium for cell therapy using an aqueous solvent such as water or a buffer solution. 
[0019] The a-glycosylceramide compound as the active component used in the composition of the present inven- 
55 tion has a variety of physiological activities, and the present composition can be used for injections (including instilla- 
tion) as the medicinal agents such as anti-tumor agents, immunostimulators (see WO93/5055), and bone marrow cell 
proliferating promoters (see Japanese Patent Laid-Open Publication No. W094/2168), treatment agents for autoim- 
mune diseases, and peripheral blood stem cell proliferating agents. 
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[0020] Also, the lyophilized composition according to tine present invention can be used for ceii tlierapy, for exampie 

for a large volume suspension of cells or culture medium in the antigen presenting cell therapy (Yamaguchi, Y. et al., 
Oncol. Res., 8, 399 (1 997)), the tumor therapy or the like in which an antigen presenting cell, a cancer cell or the like is 
cultured, activated in vitro and returned to body. 

[0021] The lyophilized composition according to the present invention comprises the above-described a-glucosyl- 
ceramide or a salt thereof, a polyoxysorbitan fatty acid ester, and disaccharide or monosaccharide (including their com- 
bination) incorporated therein, and is excellent in solubility in water after lyophilization and after storage for a long 
period. In addition, the re-solubility after storage for a long period can be further improved by additionally incorporating 
sodium deoxycholate or histidine (including their combination) into the above formulation. 

[0022] The polyoxysorbitan fatty acid ester includes Polysorbate 20, Polysorbate 40, Polysorbate 60, Polysorbate 
80 and the like, and Polysorbate 20 is preferred. It is incorporated preferably in an amount of 10 — 1,000 parts by 
weight, more preferably 20 — 100 parts by weight on the basis of 1 part by weight of the active compound. The disac- 
charide includes sucrose, lactose, maltose and the like, among which sucrose is particularly preferred. The monosac- 
charide includes glucose, fructose, xylitol, sorbitol, mannitol and the like, among which glucose and mannitol are 
particularly preferred. These saccharides are incorporated preferably in an amount (total amount in the case of combi- 
nation) of 100 — 10,000 parts by weight, more preferably 200 — 2,000 parts by weight on the basis of 1 part by weight 
of the active compound. In addition, sodium deoxycholate and histidine are incorporated preferably in an amount (total 
amount in the case of combination) of 1 0 — 1 ,000 parts by weight, more preferably 20 — 400 parts by weight. 
[0023] As to components to be incorporated, there may be added, in addition to the above-described basic compo- 
nents, additives such as a dissolution aid such as polyoxyethylene hydrogenated castor oil 60, a buffer such as phos- 
phate, an isotonic agent such as sodium chloride, an analgesic agent such as benzyl alcohol, if necessary. 
[0024] The lyophilized composition according to the present invention can be prepared fundamentally by dissolving 
the above-described components to be incorporated in an appropriate solvent such as distilled water by heat stirring, 
followed by cooling and lyophilizing the solution. That is to say, the process for preparing the lyophilized composition 
according to the present invention comprises dissolving the above-described components to be incorporated in a 
heated aqueous solvent, cooling and then subjecting the solution to the step of lyophilization. 
[0025] The aqueous solvent includes distilled water, physiological saline, buffer, and the like. 
[0026] In the above-described process, the components to be incorporated are dissolved in a solvent heated usu- 
ally at a temperature in the range of 65 — 90°C, preferably 70 — 85°C. If the heating temperature is too high, the stor- 
age stability of the incorporated components is lowered; if the temperature is too low, the components are hardly 
dissolved. The solution thus obtained is cooled usually at a temperature lowering rate of 0.5°C — 1.0°C/min or more, 
or cooled rapidly at a temperature lowering rate of preferably 1.5°C/min or more, more preferably 2.0°C/min or more, 
most preferably 4.0°C/min or more. The solution is usually cooled in a circulating incubator to a temperature of 50 — 
40°C or less, preferably about 20 — 30°C, then filtered and lyophilized. Cooling in a shorter time will further stabilize the 
re-solubility after storage for a long period. 

[0027] Lyophilization process can be carried out with a container such as ampoule or vial and a lyophilization appa- 
ratus according to the conventional method, preferably under the condition of a freezing temperature at — ^20°C or less 
and of a degree of vacuum at 0.1 Torr or less. 

[0028] The composition of the present invention thus prepared in its use as injection is administered to a body as a 
pharmaceutical agent for injection in the form of solution reconstituted, when the composition is used, in an appropriate 
amount of a solvent for injection, usually distilled water, physiological saline or the like (the concentration of a-glycosyl- 
ceramide being usually in the range of 0.1 — 1 ,000 jag/ml). 

[0029] The composition of the present invention can be administered via any appropriate dosage routes, specifi- 
cally in the case of animals, intraperitoneally, subcutaneously, intravascularly, e.g. intravenously or intraarterially, topi- 
cally or the like, and in the case of human, intravenously, intraarterially, topically, intraperitoneally, intrathoracically, 
subcutaneously, intramuscularly, or the like. 

[0030] The dosage of the composition of the present invention for injection is determined in consideration of the 
individual situation so that the total dosage administered continuously or intermittently does not exceed the predeter- 
mined amount. It is needless to say that the specific dosage varies depending upon the dosage routes, situations of a 
patient such as age, body weight, sex, sensitivity, administration time for meal (feed), combined pharmaceutical agents, 
the patient or severity of disease. Furthermore, suitable dosage and frequency under a certain condition must be deter- 
mined on the basis of the above-described instructions by the dosage finding test of professional physicians. The dos- 
age of the effective component in the composition of the present invention required for expressing its activity is, for 
example, in the range of about 0.001 — 10 mg per day in adult human in the case of intravenous administration. 
[0031] In addition, in the non-injection uses such as antigen presenting cell therapy, tumor therapy or the like, the 
composition of the present invention is reconstituted in a culture medium containing an aqueous solvent (distilled water, 
physiological saline, buffer, and the like) to culture in the solution the antigen presenting cells (such as dendritic cells) 
or the cells intended to enhance the immunogenicity (such as tumor cells) thus resulting in in vitro contact of the cells 
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with the composition of the present invention so as to enhance the antigen presenting activity or the immunogenicity. 
By way of example, the composition of the present invention can be added to the cell culturing medium in such an 
amount as the final concentration of a-glycosylceramide to be in the range of 0.1 — 10,000 ng/ml (preferably 10 — 
1,000 ng/ml) to culture the cells for 12 hours — 14 days for enhancing the antigen presenting activity or the immuno- 
5 genicity of the cells. The cells whose antigen presenting activity or the immunogenicity has been enhanced can be 
administered by the conventional methods in the form of injection, suspension, emulsion or the lil^e via a variety of con- 
ventional dosage routes (such as intravenous, intraarterial or subcutaneous administration). 

Example 

10 

[0032] The Examples of the present invention are described below, which is not intended to limit the invention. 
[0033] The a-glucosylceramides used as the active component in the lyophilized composition of the present inven- 
tion have, as described above, a variety of physiological activities such as anti-tumor activity, immuno-stimulating activ- 
ity, bone marrow cell proliferation promoting activity or antigen presenting activity enhancing activity. 

15 

[Preparation example of the compound] 

Preparation of a-glycosylceramide 

20 [0034] Synthesis example of KRN7000 as a representative example of a-glycosylceramide is described below (see 
Figs. 1 and 2). 

(1 ) Synthesis of the compound G1 

25 [0035] To a solution of D-lyxose (200 g, 1 .33 mole) in acetone dehydrated with calcium chloride (3.0 L) was added 
sulfuric acid (0.5 ml), and the mixture was stirred at room temperature for 18 hours. After neutralization with powdery 
IVIolecular Sieves 4A, the reaction mixture was filtered through celite, and the residue was washed with acetone. The 
filtrate and the wash were combined and concentrated under reduced pressure to give the crude product of G1 in a 
yield of 240 g (95%). The product was used for the subsequent steps without further purification. The analytical sample 

30 was purified by silica gel chromatography with an eluting solvent of hexane : acetone (9:1). 

mp 76 — 78°C; FDIVIS m/z 191 (M + 1)"^; ^H-NMR (500 MHz, CDCI3) 5 5.45 (1H, d, J = 1.8 Hz), 4.83 (1H, dd, J = 
3.7, 5.5 Hz), 4.64 (1H, d, J = 6.1 Hz), 4.27 —4.30 (1H, m), 3.90—3.99 (2H, m), 1.48 (3H, s), 1.32 (3H, s). 

35 (2) Synthesis of the compound G2 

[0036] To a solution of the compound G1 (239 g, ca. 1 .26 mmole) in methylene chloride (1 68 ml) were added pyri- 
dine (1 0 ml) and trityl chloride (39.0 g), and the mixture was stirred at 32°C for 4 hours. Ethanol (8 ml) was added drop- 
wise, and the mixture was stirred at room temperature for 2 hours. After washing with saturated aqueous ammonium 
40 chloride solution, saturated aqueous sodium hydrogen carbonate solution and brine, and the reaction mixture was con- 
centrated under reduced pressure. The residue was dissolved in ethyl acetate and cooled to 0°C for crystallization. 
Yield 501 g (87% from D-lyxose). 

mp 1 74 — 1 76°C; EDMS m/z 432 ^ H-NIVIR (500 MHz, CDCI3) 5 7.21 — 7.49 (1 5H, m), 5.38 (1 H, d, J = 2.4 Hz), 
45 4.75 (1H, dd, J = 3.7, 6.1 Hz), 4.59 (1H, d, J = 6.1 Hz), 4.31 —4.35 (1H, m), 3.43 (1H, dd, J = 4.9, 9.8 Hz), 3.39 

(1 H, dd, J = 6.7, 9.8 Hz), 1 .29 (3H, s), 1 .28 (3H, s). 

(3) Synthesis of the compound G3 

50 [0037] To a solution of tridecanetriphenylphosphonium bromide (962 g, 1.16 mole; prepared by heating 1-bromot- 
rldecane and triphenylphosphine at 140°C for 4.5 hours) in THE (1500 ml) was added under argon dropwise a 2.5 M 
hexane solution of n-butyl lithium (462 ml; 366 mmole) at 0°G. After dropwise addition, the mixture was stirred, and a 
solution of the compound G2 (250 g, 579 mmole) in THE (450 ml) was added dropwise. The mixture was heated grad- 
ually up to room temperature with stirring for 1 8 hours. The reaction mixture was concentrated under reduced pressure. 

55 The residue was diluted with a mixture of hexane : methanol : water (10:7:3, 1000 ml) and washed with saturated 
aqueous ammonium chloride solution. The aqueous layer was extracted with hexane (500 ml), and all of the organic 
layers were combined, dried over anhydrous magnesium sulfate, and concentrated under reduced pressure to give the 
crude product of G3. It was used directly for the subsequent step without further purification. Yield 339 g (98%). The 
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analytical sample was purified by silica gel chromatography with an eluting solvent of hexane: ethyl acetate (9:1). 

FDMS m/z 598 M+; ^H-NMR (500 MHz, CDCI3) 5 7.21 —7.45 (15H, m), 5.48 —5.59 (2H, m), 4.91 (0.7H, t, J = 7.3 
Hz), 4.44 (0.3H, t, J = 7.3 Hz), 4.26 (0.3H, dd, J = 4.3, 7.3 Hz), 4.21 (0.7H, dd, J = 4.3, 6.7 Hz), 3.75 (0.7H, m), 3.69 
5 (0.3H, m), 3.24 (0.3H, dd, J = 4.9, 9.8 Hz), 3.1 7 (0.7H, dd, J = 4.9, 9.8 Hz), 3.09 — 3.1 4 [1 H, (3.1 1 , dd, J = 4.9, 9.2 

Hz), HIbE overlapped], 1.75—2.03 (2H, m), 1.49 (3H, s), 1.39 and 1.38 (3H, each s), 1.21 —1.34 (20H, m), 0.88 
(3H, t, J = 6.7 Hz). 

(4) Synthesis of the compound G4 

10 

[0038] To a solution of the compound G3 (338 g, ca. 565 mmole) in methylene chloride (1 500 ml) were added pyri- 
dine (500 ml) followed by methanesulfonyl chloride (49 ml, 633 mmole) dropwise, and the mixture was stirred at 31 °C 
for 24 hours. Ethanol (40 ml) was added dropwise, and the mixture was stirred at room temperature for 1 hour. After 
concentration under reduced pressure, the residue was diluted with a mixture of hexane : methanol : water (10:7:3, 
15 1 000 ml), and the layers were separated. The aqueous layer was extracted three times with hexane (200 ml), and all of 
the organic layers was combined, dried over anhydrous magnesium sulfate, and concentrated under reduced pressure 
to give the crude product of G4. It was used directly for the subsequent step without further purification. Yield 363 g 
(95%). The analytical sample was purified by silica gel chromatography with an eluting solvent of hexane : ethyl acetate 
(9:1). 

20 

FDMS m/z 676 M"'; ^H-NMR (500 MHz, CDCI3) 5 7.21 —7.47 (15H, m), 5.41 (0.7H, ddd, J = 5.5, 9.2, 11.0 Hz), 
5.32 (0.7H, bt, J = 1 1 .0 Hz), 5.22 (0.3H, bdd, J = 9.2, 15.0 Hz), 5.02 (0.3H, dt, Jt = 7.3 Hz, Jd = 15.0 Hz), 4.8 (0.7H, 
ddd, J = 3.1, 5.5, 7.9 Hz), 4.73 (0.7H, dd, J = 5.5, 9.8 Hz), 4.64 —4.67 (0.3H, m), 4.61 (0.3H, dd, J = 5.5, 9.2 Hz), 
4.48 (0.7H, dd, J = 5.5, 7.9 Hz), 4.22 (0.3H, dd, J = 5.5, 9.2 Hz), 3.55 (0.3H, dd, J = 2.4, 1 1 .6 Hz), 3.45 (0.7H, dd, 
25 J = 3.2, 11.0 Hz), 3.06 —3.12 [4H, (3.12, s), (3.11, s), (3.09, dd, J = 3.1, 11.0 Hz)], 1.66 — 1.82 (2H, m), 1.47 and 

1.46 (3H, each s), 1.39 (3H, s), 1.13 — 1.35 (20H, m), 0.88 (3H, t, J = 6.8 Hz). 

(5) Synthesis of the compound G5 

30 [0039] To a solution of the compound G4 (362 g, ca. 536 mmole) in methylene chloride (1 500 ml) was added meth- 
anol (350 ml), then added dropwise concentrated hydrochloric acid (200 ml), and the mixture was stirred at room tem- 
perature for 5 hours. The reaction mixture was neutralized with sodium hydrogen carbonate, and filtered. The filtrate 
was concentrated under reduced pressure, and the residue was diluted with ethyl acetate and washed with brine. The 
aqueous layer was extracted with ethyl acetate, and all of the organic layers were combined, dried over anhydrous mag- 

35 nesium sulfate and concentrated under reduced pressure. The concentrate was crystallized from hexane. Yield 161 g 
(70% from G2). 

mp 66 — 67°C; FDMS m/z 377 (M-H2O)-'; ^H-NMR (500 MHz, CDCI3 + D2O) d 5.86 (0.3H, dt, = 7.3 Hz, = 14.7 
Hz), 5.77 (0.7H, dt, = 7.3 Hz, = 10.4 Hz), 5.55 (0.3H, br.dd, J = 7.3, 14.7 Hz), 5.49 (0.7H, bt, J = 9.8 Hz), 4.91 
40 — 4.97 (1 H, m), 4.51 (0.7H, bt, J = 9.8 Hz), 4.1 1 (0.3H, bt, J = 7.3Hz), 3.94 —4.03 (2H, m), 3.67—3.73 [1 H, (3.70, 

dd, J = 3.1 , 6.7 Hz), (3.69, dd, J = 3.1 , 7.3 Hz)], 3.20 and 3.1 9 (3H, each s), 2.05 —2.22 (2H, m), 1 .22 — 1 .43 (20H, 
m), 0.88 (3H, t, J = 6.7 Hz). 

(6) Synthesis of the compound G6 

45 

[0040] To a solution of the compound G5 (1 60 g, 405 mmole) in THF (780 ml) was added 5% palladium-barium sul- 
fate (16 g), and reactor was purged with hydrogen gas, and the mixture was stirred at room temperature for 20 hours. 
The reaction mixture was filtered through celite, and washed with mixture of chloroform : methanol (1 : 1). The filtrate 
and the wash were combined and concentrated under reduced pressure. The residue was crystallized from ethyl ace- 
50 tate. 

Yield 146g (91%). 

[af^^ + 12° (cl, CHCIa/MeOH = 1 : 1); mp 124 — 126°C; FDMS m/z 397 (M + 1)"^; ^H-NMR (500 MHz, CDCI3 + 
CD3OD = 1 : 1) 5 4.93— 4.96 (1H, m, H2), 3.91 (1H, dd, J = 6.7, 12.2 Hz), 3.85 (1H, dd, J = 4.9, 12.2 Hz), 3.54 — 
55 3.60 (1 H, m), 3.50 (1 H, dd, J = 1 .8, 8.5 Hz), 3.1 9 (3H, s), 1 .75 — 1 .83 (1 H, m), 1 .53 — 1 .62 (1 H, m), 1 .21 — 1 .45 

(24H, m), 0.89 (3H, t, J = 6.7 Hz). 
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(7) Synthesis of the compound G7 

[0041] To a solution of the compound G6 (145 g, 365 mmole) in DIVIF (1000 ml) was added sodium azide (47 g, 730 
mmole), and the mixture was stirred at 95°C for 4 hours. The reaction mixture was concentrated, and the residue was 
5 diluted with ethyl acetate (450 ml) and washed with water. The aqueous layer was re-extracted with ethyl acetate. All 
organic layers were combined, washed with brine, dried over anhydrous magnesium sulfate and concentrated under 
reduced pressure to give the crude product of G7. Yield 122 g (97%). It was used directly for the subsequent step with- 
out further purification. Yield 126 g (95%). The analytical sample was purified by silica gel chromatography with an elut- 
ing solvent of hexane : ethyl acetate (9:1). 

10 

[app + 16.5° (0 0.5, CHCl3-MeOH = 1 : 1); mp 92— 93°C; FDMS m/z 344 (M + 1)"^; ^H-NMR (500 MHz, CD3OD) 
5 3.91 (1H, dd, J = 3.7, 11.6 Hz), 3.75 (1H, dd, J = 7.9, 11.6 Hz), 3.49—3.61 (3H, m), 1.50 — 1.72 (2H, m), 1.22 
— 1 .46 (24H, m), 0.90 (3H, t, J = 6.7 Hz). 

15 (8) Synthesis of the compound G8 

[0042] To a solution of the compound G7 (121 g, ca. 352 mmole) in methylene chloride (750 ml) were added pyri- 
dine (250 ml) and trityl chloride (1 24 g, 445 mmole), and the mixture was stirred at room temperature for 1 6 hours. After 
dropwise addition of ethanol (30 ml) and stirring at room temperature for 30 minutes, the reaction mixture was washed 
20 with saturated aqueous sodium hydrogen carbonate solution, saturated aqueous ammonium chloride solution and 
brine, dried over anhydrous magnesium sulfate, and concentrated under reduced pressure. The residue was purified 
by silica gel chromatography with an eluting solvent of hexane : ethyl acetate (10:1). Yield 34.4 g (52% from G6). 

[af + 11-9° (c 0.9, CHCI3); FDMS m/z 585 M"'; ^H-NMR (500 MHz, CDCI3 + D2O) 5 7.24—7.61 (15H, m), 3.62 
25 —3.66 (2H, m), 3.51 —3.57 (2H, m), 3.42 (1 H, dd, J = 6.0, 1 0.4 Hz), 1 .23 — 1 .56 (26H, m), 0.88 (3H, t, J = 6.7 Hz). 

(9) Synthesis of the compound G9 

[0043] To a solution of the compound G8 (33.5 g, 57.3 mmole) in DMF (300 ml) was added 60% sodium hydroxide 
30 (5.5 g, ca. 138 mmole as NaH), and the mixture was stirred at room temperature for 40 minutes. The reaction mixture 
was cooled to 0°C, and benzyl bromide (15 ml, 120 mmole) was added dropwise. The reaction mixture was stirred for 
1 8 hours while the temperature was raised gradually up to room temperature. Ice-water (1 00 ml) was added to the reac- 
tion mixture to stop the reaction, and the mixture was extracted with ethyl acetate. The extract was washed three times 
with brine, and all the organic layers were combined, dried over anhydrous magnesium sulfate, and concentrated under 
35 reduced pressure to give the crude product of G9. It was used directly for the subsequent step without further purifica- 
tion. Yield 42.2 g (96%). The analytical sample was purified by silica gel chromatography with an eluting solvent of hex- 
ane : ethyl acetate (100 : 1). 

[al^'^D +9-8° (c 1 -0, CHCI3); FDMS m/z 738 (M — N2)"'; ^ H-NMR (500 MHz, CD3OD) 5 7.07 — 7.48 (25H, m), 4.57 
40 (1H, d, J = 11.6 Hz), 4.44 (1H, d, J = 11.6 Hz), 4.41 (2H, s), 3.73—3.79 (1H, m), 3.46—3.56 (2H, m), 3.37 (1H, 

dd, J = 8.6, 1 0.4 Hz), 1 .20 — 1 .64 (26H, m), 0.88 (3H, t, J = 6.7 Hz). 

(1 0) Synthesis of the compounds G1 0 and G1 1 

45 [0044] To a solution of the compound G9 (41 .2 g, ca. 54 mmole) in 1-propanol (250 ml) was added methanol (30 
ml), followed by 5% palladium-carbon (4.1 g) and ammonium formate (27.1 g, 4.3 mole). The mixture was stirred at 
room temperature for 16 hours, diluted with ethyl acetate, and filtered through celite. The filtrate was concentrated 
under reduced pressu reconstituted in ethyl acetate, washed three times with saturated aqueous sodium hydrogen car- 
bonate solution and brine. All the organic layers were combined, dried over anhydrous magnesium sulfate, and concen- 

50 trated under reduced pressure to give the crude product of G10. Yield 38.9 g (98%). The product G10 thus obtained 
was directly used for the next step without further purification. 

[0045] To a solution of the compound G10 in methylene chloride (300 ml) were added hexacosanoic acid (22.4 g, 
56.5 mmole) and WSC hydrochloride (12.6 g, 64.6 mmole), and the mixture was heated with refluxing for 2 hours, 
cooled to room temperature, and concentrated under reduced pressure. The residue was diluted with ethyl acetate (500 
55 ml), and washed with 0.5 M aqueous hydrochloric acid solution, brine, saturated aqueous sodium hydrogen carbonate 
solution, and finally with brine. All the organic layers were combined, dried over anhydrous magnesium sulfate, and con- 
centrated under reduced pressure to give the crude product of G1 1 . Yield 53.2 g (88%). The product G1 1 thus obtained 
was directly used for the next step without further purification. The analytical sample was purified by silica gel chroma- 
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tography with an eluting solvent of hexane : ethyl acetate (100 : 1). 

[a]24p +5.3° (c 0.4, CHCI3); FDMS m/z 111 8 M"'; ^ H-NMR (500 MHz, CDCI3) 5 7.20 — 7.38 (25H, m), 5.57 (1 H, d, 
J = 9.1 Hz), 4.80 (1 H, d, J = 1 1 .6 Hz), 4.48 — 4.50 (3H, m), 4.24 — 4.32 (1 H, m), 3.83 (1 H, dd, J = 3.0, 6.7 Hz), 
5 3.43—3.51 (2H, m, HI a), 3.29 (1H, dd, J = 4.3, 9.8 Hz), 1.92 (2H;t, J = 7.3 Hz), 1.28 — 1.60 (72H, m), 0.88 (6H, 

t, J = 6.7 Hz). 

(11) Synthesis of the compound G12 

10 [0046] To a solution of the compound G1 1 (52.2 g, ca. 47 mmole) in methylene chloride (1 80 ml) were added meth- 
anol (36 ml), then added dropwise 10% hydrochloric acid-methanol solution (3.0 ml), and the mixture was stirred at 
room temperature for 2 hours. The reaction solution was neutralized with powdery sodium hydrogen carbonate (18 g), 
and filtered through celite. The residue was washed with methylene chloride. The filtrate and the wash were combined, 
washed with brine, and the organic layer was dried over anhydrous magnesium sulfate, and concentrated under 

15 reduced pressure. The residue was dissolved in acetone under heating, and purified by forming precipitation at 0°C. 
Yield 38.6 g (77% from G9). 

M^'^D —29.7° (c 0.7, CHCI3); mp 75 — 76.5°C; FDMS m/z 876 M"'; ^ H-NMR (500 MHz, CDCI3) 5 7.30 —7.47 
(10H, m), 6.03 (1H, d, J = 7.9 Hz), 4.72 (1H, d, J = 11.6 Hz), 4.66 (1H, d, J = 11.6 Hz), 4.61 (1H, d, J = 11.6 Hz), 
20 4.45 (1H, d, J = 11.6 Hz), 4.1 2 —4.1 7 (1 H, m), 4.00 (1H, dt, Jt = 4.3, = 7.3 Hz), 3.67—3.72 (2H, m), 3.61 (1H, 

ddd, J = 4.3, 8.6, 11.6 Hz), 1.94 —2.05 (2H, m), 1.15 — 1.69 (72H, m), 0.88 (6H, t, J = 6.1 Hz). 

(12) Synthesis of the compound G13 
25 [0047] 

1) 2,3,4, 6-tetra-O-benzyl-D-galactopyranosyl acetate (79.8 g) was dissolved in the mixed solvent of toluene (160 
ml) and isopropyl ether (520 ml), and cooled to a temperature in the range of -1 0 — 0°C. An isopropyl ether solution 
containing 2.0 equivalents of HBr (2.8 mmole/ml, ca. 1 00 ml) was added to this mixture. After stirring at -1 0 — 0°C 

30 for about 90 minutes, unreacted HBr in the reaction mixture was neutralized with 5% aqueous sodium hydrogen 

carbonate solution. The total volume of the mixture was separated in a separatory funnel, the aqueous layer was 
discarded, and the organic layer was washed twice with 10% aqueous sodium chloride solution, and concentrated 
under reduced pressure to give 2,3,4,6-tetra-O-benzyl-a-D-galactopyranosyl bromide (GalBr) in the form of syrup. 

2) To a solution of the compound G1 2 (60.0 g, 68.6 mmole), tetrahexylammonium bromide (89.4 g, 206 mmole) and 
35 Molecular Sieves 4A (60 g) in toluene (420 ml) were added DMF (140 ml) followed by a solution of GalBr (ca. 137 

ml) in toluene (250 ml), and the mixture was stirred at room temperature for 72 hours. Methanol (12 ml) was added 
to the reaction solution, and the mixture was stirred for 2 hours, filtered through celite, washed with saturated aque- 
ous sodium hydrogen carbonate solution and brine, dried over anhydrous magnesium sulfate, and concentrated 
under reduced pressure. The residue was diluted with acetonitrile, and stirred for 2 hours to give precipitate. The 
40 precipitate thus obtained was dried under reduced pressure to give a dry powder. This product was purified by silica 

gel chromatography with an eluting solvent of hexane: ethyl acetate (8:1). Yield 70. 9g (74%) 

[apD + 18.8° (c 0.9, CHCI3); mp 74 — 75°C; FDMS m/z 1399 (M + I)"'; H-NMR (500 MHz, CDCI3) 5 7.21 — 
7.37 (30H, m), 6.12 (1H, d, J = 9.0 Hz), 4.91 (1H, d, J = 11.6 Hz), 4.84 (1H, d, J = 3.7 Hz), 4.72 —4.80 (4H, 
45 m), 4.35 —4.65 (7H, m), 4.12 —4.18 (1H, m), 3.99 —4.05 (2H, m), 3.84—3.93 (4H, m), 3.73 (1H, dd, J = 

3.7, 11.0 Hz), 3.47—3.51 (2H, m), 3.42 (1H, dd, J = 6.1, 9.1 Hz), 1.87 — 1.99 (2H, m), 1.18 — 1.70 (72H, m), 
0.88 (6H, t, J = 7.4 Hz). 

(13) Synthesis of the compound KRN7000 

50 

[0048] To a suspension of the compound G13 (60.0 g, 42.9 mmole) in ethanol (960 ml) was added a suspension of 
a 20% solution of palladium hydroxide (6.0 g) in ethanol, followed by 4-methylcyclohexene (120 ml, 93.5 mmole) as a 
hydrogen source, and the mixture was heated at reflux temperature for 4 hours, and filtered to remove the catalyst. The 
residue was washed with warned ethanol. White precipitates obtained by leaving the filtrate standing at room tempera- 
55 ture was filtered and dried under reduced pressure. The powdery product thus obtained was suspended in ethanol : 
water (92 : 8, 3.5 liters), dissolved by heating with stirring, then left standing at room temperature to form precipitates 
again. The precipitates were filtered, and the filtered cake was dried under reduced pressure to give a white powdery 
product. Yield 35.0 g (95%). 
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[app +43.6° (c 1.0, pyridine); mp 189.5 — 190.5°C; negative FABIVIS m/z 857 (IVI — H)"; iR (cm-\ KBr) 3300, 
2930, 2850, 1640, 1540, 1470, 1070; ^H-NMR (500 MHz, C5D5N) 5 8.47 (1H, d, J = 8.5 Hz), 5.58 (1H, d, J = 3.7 
Hz), 5.27 (1H, m), 4.63—4.70 (2H, m), 4.56 (1H, m), 4.52 (1H, t, J = 6.1 Hz), 4.37 —4.47 (4H, m), 4.33 (2H, m), 
2.45 (2H, t, J = 7.3 Hz), 2.25 —2.34 (1 H, m), 1 .87 — 1 .97 (2H, m), 1 .78 — 1 .85 (2H, m), 1 .62 — 1 .72 (1 H, m), 1 .26 
5 — 1 .45 (66H, m), 0.88 (6H, t, J = 6.7 Hz). 

^^C-NMR (125 MHz, C5D5N) 5 173.2 (s), 101.5 (d), 76.7 (d), 73.0 (d), 72.5 (d), 71.6 (d), 71.0 (d), 70.3 (d), 68.7 (t), 
62.7 (t), 51 .4 (d), 36.8 (t), 34.4 (t), 32.1 (t), 30.4 (t), 30.2 (t), 30.03 (t), 30.00 (t), 29.93 (t), 29.87 (t), 29.81 (t), 29.76 
(t), 29.6 (t), 26.5 (t), 26.4 (t), 22.9 (t), 14.3 (q). 

10 [Lyopliilized composition] 

(1 ) Selection of a solvent for the active component 

Experimental condition 

15 

[0049] First, 1 mg of the active component (KRN7000) was weighed and stirred in 100 ml of a variety of solvents 
(Table 3) in a heated bath to 80°C for 20 minutes in order to form a solution having a concentration of 10 |Lig/ml. With 
respect to the solvents which were judged to have successfully dissolved 10 \ig/m\ of the active component, dissolution 
was further tried in the same manner as above in order to form a solution having a concentration of 100 |Lig/ml. With 
20 respect to the solvents which were judged to have successfully dissolved 100 |iig/ml of the active component, dissolu- 
tion was further tried in the same manner as above in order to form a solution having a concentration of 200 |Lig/ml. After 
cooling with running water, the solubility of the component was judged. 

[0050] The solubility of the component was judged by the test described below. First, transparent colorless glass 
vials having a volume of 5 ml were charged with about 1.5 ml portion of each sample and sealed up. The vial was 
25 cleaned outside and placed beneath the white light source in a darkroom for observation with naked eye at the position 
of a luminous intensity of about 5,000 lux. When the sample was clear with no precipitates, it was judged that the active 
component was dissolved. 
[0051] The results are shown in Table 3. 

30 

Table 3 





Concentration of the active component 
(KRN7000) 


Solvents 


10 \iQ/m\ 


1 00 |Lig/ml 


200 \iQ/m\ 


Distilled water 


+ 






1N HCI 


+ 






IN NaOH 


+ 






Propylene glycol 




+ 




Macrogol 400 




+ 




Glycerol 




+ 




Ethanol 








0.5% Polysorbate 20 








0.5% Polysorbate 80 




+ 




0.5% Cremophor 


+ 






0.5% HCO 50 


+ 






0.5% HCO 60 


+ 






0.5% Polyoxamer 188 


+ 







55 Note) Judgment of solubility (by naked eye): 

+ not dissolved (or deposited), 
- dissolved. 
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[0052] From the above results, ethanol or 0.5% Polysorbate 20 was contemplated as the solvent, but 0.5% Polys- 
orbate 20 was selected as the solvent because of 100% ethanol being inappropriate for practical use. 

(2) Examination of the optimal amount of the additional solvent 

5 

Experimental condition 

[0053] First, Polysorbate 20 was dissolved in distilled water in such concentrations as listed in Table 4. Next, 20 mg 
of the active component (KRN7000) was weighed and stirred in 100 ml of the Polysorbate solutions having a variety of 

10 concentrations in a heated bath at 80°C for 20 minutes in order to form a solution. After cooling with running water, the 
mixture was filtered through a 0.22 jiim filter, and transparent colorless glass vials having a volume of 5 ml were charged 
with a 2 ml portion of each of a variety of solutions and sealed up. 

[0054] These samples were stored at 25°C for 2 weeks, and judged of their solubility. The samples judged in solu- 
tion were further stored, and judged again of their solubility after 1 month. 
15 [0055] The solubility was judged by cleaning the outside of the vial and placing it beneath the white light source in 
the darkroom for observation with naked eye at the position of a luminous intensity of about 5,000 lux. When the sample 
was clear with no precipitates, it was judged that the active component was dissolved. 

[0056] The results are shown in Table 4. In the table, the variations with the passage of time after storage represent 
the solubility when stored in the form of solution. 

20 



Table 4 



KRN7000 (|Lig/ml) 


Polysorbate 20 (%) 


Variation with the passage of 
time after storage (by naked eye) 






25°C, 2 weeks 


25°C, 1 month 


200 


0.1 


+ 




200 


0.2 


+ 




200 


0.3 




+ 


200 


0.5 




+ 


200 


1.0 




+ 


200 


2.0 




+ 


200 


4.0 




+ 


200 


8.0 




+ 



40 [0057] It was found from these results that Polysorbate 20 is required to be added in an amount of 0.3% or more, 
and it was found from the data of 25°C for 1 month that Polysorbate 20 alone is not satisfactory for practical use. Thus, 
lyophilized preparations were examined in order to maintain the solubility during storage. 

(3) Examination of forming lyophilized preparations 

45 

Experimental condition 

[0058] First, Polysorbate 20 was dissolved in distilled water in such concentrations as listed in Table 5. Next, 20 mg 
of the active component (KRN7000) was weighed and stirred in 100 ml of the Polysorbate solutions having a variety of 

50 concentrations in a heated bath to 80°C for 20 minutes in order to form a solution. After cooling with running water, the 
mixture was filtered through a 0.22 |Lim filter, and transparent colorless glass vials having a volume of 5 ml were charged 
with a 1 ml portion of each of a variety of solutions and subjected to lyophilizaiton. Lyophilization was carried out under 
the condition of preliminary freezing at -40°C for 2 hours and drying at -20°C for 24 hours, 1 0°C for 1 2 hours, and finally 
at 25°C for 5 hours to give the lyophilized product. The degree of vacuum was set at 0.1 Torr or less during drying step. 

55 [0059] After the lyophilization step, the lyophilized composition was reconstituted in 1 ml of distilled water for injec- 
tion, left standing for 30 minutes, and solubility was judged when the foams generated on reconstituiton disappeared. 
[0060] The solubility was judged by cleaning the outside of the vial and placing it beneath the white light source in 
a darkroom for observation with naked eye at the position of a luminous intensity of about 5,000 lux. When the sample 
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was clear with no precipitates, it was judged tliat tine active component was dissolved. 
[0061] Tlie results are sliown in Table 5. 



Table 5 



Active component 
(KRN7000) (|Lig/ml) 


Polysorbate 20 (%) 


Re-solubility immediately 
after lyophilization (by 
naked eye) 


200 


0.5 


+ 


200 


1.0 


+ 


200 


2.0 


+ 



15 [0062] It was found from the results that Polysorbate 20 alone was not satisfactory to a lyophilized preparation. 
(4) Examination of excipient appropriate to lyophilization: 1 

Experimental condition 

20 

[0063] A variety of monosaccharides and disaccharides were used for examination of excipients of the lyophilized 
preparation. In this context, the active component (KRN7000) was set at the concentration of 200 |Lig/ml, and Polysorb- 
ate 20 which is used only in a limited amount from the viewpoint of safety was set at the concentration of 0.5% in the 

following examination. 

25 [0064] First, Polysorbate 20 was dissolved in distilled water in a concentration of 0.5%, and the saccharides were 
dissolved in such concentrations as listed in Table 6. Next, 20 mg of the active component (KRN7000) was weighed and 
stirred in 100 ml of the solvents in a heated bath to 80°C for 20 minutes in order to form a solution. After cooling with 
running water, the mixture was filtered through a 0.22 jum filter, and transparent colorless glass vials having a volume 
of 5 ml were charged with a 1 ml portion of each of a variety of solutions thus obtained and subjected to lyophilization. 

30 Lyophilization was carried out under the condition of preliminary freezing at -40°C for 2 hours and drying at -20°C for 
24 hours, 10°C for 12 hours, and finally at 25°C for 5 hours to give the lyophilized product. The degree of vacuum was 
set at 0.1 Torr or less during drying step. 

[0065] After the lyophilization step, the lyophilized composition was reconstituted in 1 ml of distilled water for injec- 
tion, left standing for 30 minutes, and solubility was judged when the foams generated on reconstitution disappeared. 
35 [0066] The solubility was judged by cleaning the outside of the vial and placing it beneath the white light source in 
a darkroom for observation with naked eye at the position of a luminous intensity of about 5,000 lux. When the sample 
was clear with no precipitates, it was judged that the active component was dissolved. 
[0067] The results are shown in Table 6. 

40 

Table 6 



Excipients 


Re-solubility immediately 
after lyophilization 


Excipients 


Re-solubility immediately 
after lyophilization 


Fructose 5% 


+ 


Lactose 5% 


+ 


Fructose 1 0% 


+ 


Lactose 1 0% 


+ 


Xylitol 4.3% 


+ 


Glucose 5% 




Xylitol 8.6% 


+ 


Glucose 10% 


+ 


Sorbitol 5% 


+ 


Mannitol 5% 


+ 


Sorbitol 1 0% 


+ 


Mannitol 10% 




Maltose 1.5% 


+ 


Sucrose 4.8% 




Maltose 3% 


+ 


Sucrose 9.6% 





[0068] It was considered from these results that sucrose, mannitol and glucose were suitable for the excipient of 
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lyophilization. 

(5) Examination of excipient appropriate to lyophilization: 2 
5 Experimental condition 

[0069] The lyophilized preparations having mannitol and sucrose added thereto were observed on their variation 
with the passage of time. 

[0070] First, Polysorbate 20 was dissolved in distilled water in a concentration of 0.5%, and the saccharides were 

10 dissolved in such concentrations as listed in Table 7. Next, 20 mg of the active component (KRN7000) was weighed and 
stirred in 100 ml of the solvents in a heated bath to 80°C for 20 minutes in order to form a solution. After cooling with 
running water, the mixture was filtered through a 0.22 |Lim filter, and transparent colorless glass vials having a volume 
of 5 ml were charged with a 1 ml portion of each of a variety of solutions thus obtained and subjected to lyophilization. 
Lyophilization was carried out under the condition of preliminary freezing at -40°C for 2 hours and drying at -20°C for 

15 24 hours, 10°C for 12 hours, and finally at 25°C for 5 hours to give the lyophilized product. The degree of vacuum was 
set at 0.1 Torr or less during drying step. 

[0071] After the lyophilization step, the lyophilized composition was stored at 25°C. After storage for 1 month, the 
lyophilized composition was reconstituted in 1 ml of distilled water for injection, left standing for 30 minutes, and solu- 
bility was judged when the foams generated on reconstitution disappeared. The samples judged in solution were further 
20 stored, and judged again of their solubility after 4 months. 

[0072] The solubility was judged by cleaning the outside of the vial and placing it beneath the white light source in 
a darkroom for observation with naked eye at the position of a luminous intensity of about 5,000 lux. When the sample 
was clear with no precipitates, it was judged that the active component was dissolved. 
[0073] The results are shown in Table 7. 

25 



Table 7 



Excipients 


Re-solubility after storage (by 
naked eye) 




25°C, 1 month 


25°C, 4 months 


Mannitol 10% 




+ 


Sucrose 9.6% 




+ 



35 

[0074] It was found from these results that the lyophilized composition having mannitol or sucrose was stable than 
the composition containing 0.5% Polysorbate 20 solution, and still formed a solution even after storage at 25°C for 1 
month. 

[0075] In order to examine a formulation which can be stored for a further longer period, the following examinations 
40 were carried out on the additives. 

(6) Examination of additives for improving the re-solubility during storage 

(i) In the case of selecting mannitol as the excipient 

45 

Experimental condition 

[0076] First, Polysorbate 20 was dissolved in distilled water in a concentration of 0.5%, and mannitol and a variety 

of additives such concentrations as listed in Table 8. Next, 20 mg of the active component (KRN7000) was weighed and 
50 stirred in 100 ml of the solvents in a heated bath to 80°C for 20 minutes in order to form a solution. After cooling with 
running water, the mixture was filtered through a 0.22 jam filter, and transparent colorless glass vials having a volume 
of 5 ml were charged with a 1 ml portion of each of a variety of solutions thus obtained and subjected to lyophilization. 
Lyophilization was carried out under the condition of preliminary freezing at -40°C for 2 hours and drying at -20°C for 
24 hours, 10°C for 12 hours, and finally at 25°C for 5 hours to give the lyophilized product. The degree of vacuum was 
55 set at 0.1 Torr or less during drying step. 

[0077] After the lyophilization step, the lyophilized composition was stored at 25°C. After storage for 1 month, the 
lyophilized composition was reconstituted in 1 ml of distilled water for injection, left standing for 30 minutes, and solu- 
bility was judged when the foams generated on reconstitution disappeared. The samples judged in solution were further 
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stored, and judged again of their solubiiity after 4 montins. 

[0078] The solubility was judged by cleaning the outside of the vial and placing it beneath the white light source in 
a darkroom for observation with naked eye at the position of a luminous intensity of about 5,000 lux. When the sample 
was clear with no precipitates, it was judged that the active component was dissolved. 
5 [0079] The results are shown in Table 8. 



Table 8 



l\/lannitol 


Additives 


Re-solubility after storage (by 
naked eye ) 






25°C, 1 month 


25°C, 4 months 


10% 






+ 


10% 


Sodium deoxycholate, 1% 






15% 




+ 


+ 


15% 


Sodium deoxycholate, 1% 


+ 


+ 


15% 


Glycerol, 1% 


+ 


+ 


15% 


Glycerol, 0.1% 


+ 


+ 


15% 


PEG400, 1% 


+ 


+ 



25 [0080] It was found from the above-described results that when 1 0% mannitol was used as the excipient, re-solu- 
bility during storage was improved by adding 1% sodium deoxycholate. 

(ii) In the case of selecting sucrose as the excipient 

30 Experimental condition 

[0081] First, Polysorbate 20 was dissolved in distilled water in a concentration of 0.5%, and sucrose and a variety 
of additives such concentrations as listed in Table 9. Next, 20 mg of the active component (KRN7000) was weighed and 
stirred in 100 ml of the solvents in a heated bath to 80°C for 20 minutes in order to form a solution. After cooling with 

35 running water, the mixture was filtered through a 0.22 |Lim filter, and transparent colorless glass vials having a volume 
of 5 ml were charged with a 1 ml portion of each of a variety of solutions thus obtained and subjected to lyophilization. 
Lyophilization was carried out under the condition of preliminary freezing at -40°C for 2 hours and drying at -20°C for 
24 hours, 1 0°C for 1 2 hours, and finally at 25°C for 5 hours to give the lyophilized product. The degree of vacuum was 
set at 0.1 Torr or less during drying step. 

40 [0082] After the lyophilization step, the lyophilized composition thus obtained was stored at 25°C or 50°C, or at both 
of these temperatures. After storage at 25°C for 1 month or at 50°C for 3 days, the lyophilized composition was recon- 
stituted in 1 ml of distilled water for injection, left standing for 30 minutes, and solubility was judged when the foams gen- 
erated on reconstitution disappeared. The samples judged in solution were further stored, and judged again of their 
solubility after storage at 25°C for 4 months or at 50°C for 2 weeks. 

45 [0083] The solubility was judged by cleaning the outside of the vial and placing it beneath the white light source in 
a darkroom for observation with naked eye at the position of a luminous intensity of about 5,000 lux. When the sample 
was clear with no precipitates, it was judged that the active component was dissolved. 
[0084] The results are shown in Table 9. 

50 

Table 9 



Sucrose 


Additives 


Re-solubility after storage by naked eye) 






25°C, 1 month 


25°C, 4 month 


50°C, 3 days 


50°C, 2 weeks 


9.6% 






+ 


+ 




9.6% 


Sodium deoxycholate, 1% 
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Table 9 (continued) 



Sucrose 


Additives 


Re-solubility after storage by naked eye) 






25 u, 1 montn 


2o u, 4 month 


50°C, 3 days 


50°C, 2 weeks 


O CO/ 

y.ovo 


Sodium deoxyciioiate, 0.1% 




+ 






C\ CO/ 


rluronic rbo, \ /o 




+ 






Q CO/ 

y.bvo 


rluronic rbo, U. 1 Vo 




+ 






Q CO/ 


Propylene glycol, 1% 


+ 








Q RO/ 


oiyLrCfUl, 1 /o 


+ 








9.6% 


Arginine, 0.1% 






+ 




9.6% 


Glycine, 0.1% 






+ 




9.6% 


Glycine, 1% 






+ 




9.6% 


Histidine, 2% 











[0085] It was found from the above-described results that when sucrose was used as an excipient, the re-solubility 
during storage was improved by the addition of sodium deoxycholate or histidine. 



(iii) Addition effects of sodium deoxycholate and histidine 

Experimental condition 

[0086] Addition effects of sodium deoxycholate and histidine in the absence of a sugar as the excipient was exam- 
ined. 

[0087] First, Polysorbate 20 was dissolved in distilled water in a concentration of 0.5%, and histidine or sodium 
deoxycholate in a concentration of 1 .0%. Next, 20 mg of the active component (KRN7000) was weighed and stirred in 
100 ml of the solvents in a heated bath to 80°C for 20 minutes in order to form a solution. After cooling with running 
water, the mixture was filtered through a 0.22 ^im filter, and transparent colorless glass vials having a volume of 5 ml 
were charged with a 1 ml portion of each of a variety of solutions thus obtained and subjected to lyophilization. Lyophi- 
lization was carried out under the condition of preliminary freezing at -40°C for 2 hours and drying at -20°C for 24 hours, 
10°C for 12 hours, and finally at 25°C for 5 hours to give the lyophilized product. The degree of vacuum was set at 0.1 
Torr or less during drying step. 

[0088] After the lyophilization step, the lyophilized composition thus obtained was stored at 50°C. After storage for 

3 days or 2 weeks, the lyophilized composition was reconstituted in 1 ml of distilled water for injection, left standing for 

30 minutes, and solubility was judged when the foams generated on reconstitution disappeared. 

[0089] The solubility was judged by cleaning the outside of the vial and placing it beneath the white light source in 

a darkroom for observation with naked eye at the position of a luminous intensity of about 5,000 lux. When the sample 

was clear with no precipitates, it was judged that the active component was dissolved. 

[0090] The results are shown in Table 10. 



Table 10 



Additives 


Re-solubility after storage (by 

naked eye) 




50°C, 3 days 


50°C, 2 weeks 


Histidine, 1% 




+ 


Sodium deoxycholate, 1% 


+ 





[0091] It was found from the above-described results that histidine or sodium deoxycholate alone exhibited no 
effects. 
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(7) Examination of optimal formulation 

Experimental condition 

5 [0092] First, Polysorbate 20 was dissolved in distilled water in a concentration of 0.5%, and sucrose and histidine 
or sodium deoxycholate in such concentrations listed on Table 1 1 . Next, 20 mg of the active component (KRN7000) was 
weighed and stirred in 100 ml of the solvents in a heated bath to 80°C for 20 minutes in order to form a solution. After 
cooling with running water, the mixture was filtered through a 0.22 |Lim filter, and transparent colorless glass vials having 
a volume of 5 ml were charged with a 1 ml portion of each of a variety of solutions thus obtained and subjected to lyophi- 

10 lization. Lyophilization was carried out under the condition of preliminary freezing at -40°C for 2 hours and drying at - 
20°C for 24 hours, 1 0°C for 1 2 hours, and finally at 25°C for 5 hours to give the lyophilized product. The degree of vac- 
uum was set at 0.1 Torr or less during drying step. 

[0093] After the lyophilization step, the lyophilized composition thus obtained was stored at 25°C or 50°C. After stor- 
age at 25°C for 2 months or at 50°C for 2 weeks, the lyophilized composition was reconstituted in 1 ml of distilled water 
15 for injection, left standing for 30 minutes, and solubility was judged when the foams generated on reconstitution disap- 
peared. The samples judged to be solution after storage at 25°C for 2 months were further stored, and judged again of 
their solubility after storage for 4 months. 

[0094] The solubility was judged by cleaning the outside of the vial and placing it beneath the white light source in 
a darkroom for observation with naked eye at the position of a luminous intensity of about 5,000 lux. When the sample 
20 was clear with no precipitates, it was judged that the active component was dissolved. 
[0095] The results are shown in Table 1 1 . 



Table 1 1 



55i irrnqp 


Arlrliti\/p«; 


Re-solubility after storage (by naked eye) 






25°C 2 months 


25°C 4 months 


50°C 2 weeks 


1 9.2% 


Sodium deoxycholate, 0.1% 


+ 






1 9.2% 


Sodium deoxycholate, 0.2% 


+ 






19.2% 


Sodium deoxycholate, 0.5% 


+ 






1 9.2% 


Sodium deoxycholate, 1% 


+ 






19.2% 


Sodium deoxycholate, 2% 


+ 






9.6% 


Sodium deoxycholate, 0.2% 


+ 






9.6% 


Sodium deoxycholate, 0.5% 








9.6% 


Sodium deoxycholate, 1% 








9.6% 


Sodium deoxycholate, 2% 








4.8% 


Sodium deoxycholate, 0.2% 


+ 






4.8% 


Sodium deoxycholate, 0.5% 








4.8% 


Sodium deoxycholate, 1% 








4.8% 


Sodium deoxycholate, 2% 








9.6% 


Histidine, 2% 








7.9% 


Histidine, 0.5% 






+ 


6.9% 


Histidine, 1% 








5.0% 


Histidine, 2% 








3.1% 


Histidine, 3% 








1.1% 


Histidine, 4% 






+ 


5.1% 


Histidine, 1% 








3.2% 


Histidine, 2% 
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[0096] It was found from the above-described results that the re-solubility of the active component with the passage 
of time after storage under lyophilization is improved by further incorporating a suitable amount of sodium deoxycholate 
or histidine into polyoxysorbitan fatty acid ester and white sugar. 

5 (8) Examination of cooling condition after dissolution with heating: 1 
Experimental condition 

[0097] First, Polysorbate 20 was dissolved in distilled water in a concentration of 0.5%, histidine in a concentration 

10 of 0.75%, and sucrose in a concentration of 5.6%. Next, 800 mg of the active component (KRN7000) was weighed and 
stirred in 4 liters of the solvent under heating at 73°C for 30 minutes in order to form a solution. After dissolution, the 
mixture was divided into about 500 ml portions, cooled with stirring from 73°C to 30°C (6 minutes), from 73°C to 30°C 
(23 minutes), and from 73°C to 30°C (120 minutes). After cooling, the mixtures were filtered through a 0.22 |Lim filter, 
and transparent colorless glass vials having a volume of 5 ml were charged with a 1 ml portion of each of a variety of 

15 solutions thus obtained and subjected to lyophilization. Lyophilization was carried out under the condition of preliminary 
freezing at -50°C for 5 hours and drying at -15°C for 48 hours, 10°C for 12 hours, and finally at 25°C for 7 hours to give 
the lyophilized product. The degree of vacuum was set at 0.1 Torr or less during drying step. 

[0098] The turbidity of the solutions prepared respective cooling conditions before or after the filtration step, and the 
lyophilized composition thus obtained which were reconstituted after leaving standing at room temperature (25°C) for 3 
20 hours from the lyophilization step, were measured. In this connection, the lyophilized composition was reconstituted in 
1 ml of distilled water for injection, left standing for 30 minutes, and turbidity was measured when the foams generated 
on reconstitution disappeared. 

[0099] The turbidity was measured by the following method: various dilutions including 50-fold dilution (kaolin 2 
|Lig/ml, turbidity 2.00), 100-fold dilution (kaolin 1 |Lig/ml, turbidity 1.00), and 200-fold dilution (kaolin 0.5 jug/ml, turbidity 
25 0.50) were prepared by diluting the turbidity standard (kaolin, 0.1 mg/ml) with distilled water. A calibration curve was 
made by measuring the absorbance at a wave length of 660 nm with a control of distilled water and the various dilutions 
in a spectrophotometer (HITACHI U-3210). Next, the absorbance of the solutions was measured under the same con- 
dition as above to calculate the turbidity of the solutions. 
[0100] The results are shown in Table 12. 

30 



Table 12 



Cooling conditions 


Turbidity 




Before filtration 


After filtration 


Lyophilized composition 


73°C 30°C, 6 minutes 


0.23 


0.13 


0.24 


73°C 30°C, 23 min- 
utes 


0.58 


0.15 


0.36 


73°C^30°C, 120 min- 
utes 


0.64 


0.16 


0.36 



[0101] It was found from the above-described results that the re-solubility of the active component after lyophiliza- 
45 tion was improved by rapid cooling as a cooling condition. 

(9) Examination of cooling condition after dissolution with heating: 2 

Experimental condition 

50 

[0102] First, Polysorbate 20 was dissolved in distilled water in a concentration of 0.5%, histidine in a concentration 
of 0.75%, and sucrose in a concentration of 5.6%. Next, 800 mg of the active component (KRN7000) was weighed and 
stirred in 4 liters of the solvent under heating at 73°C for 30 minutes in order to form a solution. After dissolution, the 
mixture was divided into about 500 ml portions, cooled rapidly — gradually with stirring under the following six rates: 

55 
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Cooling conditions 


Temperature lowering time 
(Average temperature low- 
ering rate) 


® 73°C 30°C 


4 minutes (10.75°C/min) 


(2) 73°C 30°C 


6 minutes (7.17°C/min) 


(3) 73°C ^ 30°C 


7 minutes (6.1 4°C/min) 


@ 73°C 30°C 


10 minutes (4.30°C/min) 


(g) 73°C ^ 30°C 


23 minutes (1.87°C/min) 


(D 73°C ^ 30°C 


120 minutes (0.36°C/min) 



[0103] After cooling, the mixtures were filtered through a 0.22 \im filter, and transparent colorless glass vials having 
a volume of 5 ml were charged with a 1 ml portion of each of a variety of solutions thus obtained and subjected to lyophi- 
20 lization. Lyophilization was carried out under the condition of preliminary freezing at -50°C for 5 hours and drying at - 
15°C for 48 hours, 10°C for 12 hours, and finally at 25°C for 7 hours to give the lyophilized product. The degree of vac- 
uum was set at 0.1 Torr or less during drying step. 

[0104] After lyophilization, the lyophilized composition thus obtained was stored at 50°C for 1 week, and the turbid- 
ity of the reconstituted solution was measured. In this connection, the turbidity of the lyophilized composition was used 
25 which was reconstituted in 1 ml of distilled water for injection and left standing for 30 minutes, and turbidity was meas- 
ured when the foams generated on reconstitution disappeared. 

[0105] The turbidity was measured by the following method: various dilutions including 50-fold dilution (kaolin 2 
|Lig/ml, turbidity 2.00), 100-fold dilution (kaolin 1 |Lig/ml, turbidity 1.00), and 200-fold dilution (kaolin 0.5 |Lig/ml, turbidity 
0.50) were prepared by diluting the turbidity standard (kaolin, 0.1 mg/ml) with distilled water. A calibration curve was 
30 made by measuring the absorbance at a wave length of 660 nm with a control of distilled water and the various dilutions 
in a spectrophotometer (HITACHI U-3210). Next, the absorbance of the solutions was measured under the same con- 
dition as above to calculate the turbidity of the solutions. 
[0106] The results are shown in Table 13. 

35 

Table 1 3 



Cooling conditions 


Turbidity 


® 


2.08 


® 


2.67 




3.31 


® 


3.80 




6.44 




18.84 



[0107] It was found from the above-described results that the re-solubility of the active component with the passage 
50 of time after storage is further improved by cooling rapidly. 

[Lyophilized composition for injection] 

Composition 1 

55 

[0108] 
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a-glucosylceramide (KRN7000) 
Polyoxysorbitan fatty acid ester (Polysorbate 20) 
Mannitol 

Solvent (distilled water for injection) 


0.2 mg 
5 mg 
100 mg 

q.s. 


Total 


1 ml 



[0109] According to the above-described formulation, a-glucosylceramide (KRN7000) was completely dissolved by 
heating at 80°C for 20 minutes, cooled with running water for 15 minutes, filtered through a 0.22 |Lim filter, and lyophi- 
lized to give a lyophilized preparation for injection. 

Composition 2 

[0110] 



a-glucosylceramide (KRN7000) 


0.2 mg 


Polyoxysorbitan fatty acid ester (Polysorbate 20) 


5 mg 


Mannitol 


100 mg 


Sodium deoxycholate 


10 mg 


Solvent (distilled water for injection) 


q.s. 


Total 


1 ml 



[0111] According to the above-described formulation, a-glucosylceramide (KRN7000) was completely dissolved by 
heating at 80°C for 20 minutes, cooled with running water for 15 minutes, filtered through a 0.22 jiim filter, and lyophi- 
lized to give a lyophilized preparation for injection. 

Composition 3 

[0112] 



a-glucosylceramide (KRN7000) 
Polyoxysorbitan fatty acid ester (Polysorbate 20) 
Sucrose 

Solvent (distilled water for injection) 


0.2 mg 
5 mg 

100 mg 

q.s. 


Total 


1 ml 



[0113] According to the above-described formulation, a-glucosylceramide (KRN7000) was completely dissolved by 
heating at 80°C for 20 minutes, cooled with running water for 15 minutes, filtered through a 0.22 |Lim filter, and lyophi- 
lized to give a lyophilized preparation for injection. 

Composition 4 

[0114] 



20 



EP 1 016 409 A1 



a-glucosylceramide (KRN7000) 


0.2 mg 


Polyoxysorbitan fatty acid ester (Polysorbate 20) 


5 mg 


Sucrose 


96 mg 


Sodium deoxycliolate 


5 mg 


Solvent (distilled water for injection) 


q.s. 


Total 


1 ml 



[01 15] According to the above-described formulation, a-glucosylceramide (KRN7000) was completely dissolved by 
heating at 80°C for 20 minutes, cooled with running water for 15 minutes, filtered through a 0.22 ^im filter, and lyophi- 
lized to give a lyophilized preparation for injection. 

Composition 5 

[0116] 



a-glucosylceramide (KRN7000) 


0.2 mg 


Polyoxysorbitan fatty acid ester (Polysorbate 20) 


5 mg 


Sucrose 


96 mg 


Sodium deoxycholate 


10 mg 


Solvent (distilled water for injection) 


q.s. 


Total 


1 ml 



[01 1 7] According to the above-described formulation, a-glucosylceramide (KRN7000) was completely dissolved by 
heating at 80°C for 20 minutes, cooled with running water for 15 minutes, filtered through a 0.22 ^m filter, and lyophi- 
lized to give a lyophilized preparation for injection. 

Composition 6 

[0118] 



a-glucosylceramide (KRN7000) 


0 


2 mg 


Polyoxysorbitan fatty acid ester (Polysorbate 20) 


5 


mg 


Sucrose 


96 


mg 


Sodium deoxycholate 


20 


mg 


Solvent (distilled water for injection) 


q.s. 




Total 


1 ml 



[0119] According to the above-described formulation, a-glucosylceramide (KRN7000) was completely dissolved by 
heating at 80°C for 20 minutes, cooled with running water for 15 minutes, filtered through a 0.22 |Lim filter, and lyophi- 
lized to give a lyophilized preparation for injection. 
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[0120] 



a-glucosylceramide (KRN7000) 


0.2 mg 


Polyoxysorbitan fatty acid ester (Polysorbate 20) 


5 mg 


Sucrose 


48 mg 


Sodium deoxyclnolate 


5 mg 


Solvent (distilled water for injection) 


q.s. 


Total 


1 ml 



[0121] According to tine above-described formulation, a-glucosylceramide (KRN7000) was completely dissolved by 
lieating at 80°C for 20 minutes, cooled with running water for 15 minutes, filtered through a 0.22 |Lim filter, and lyophi- 
lized to give a lyophilized preparation for injection. 

Composition 8 

[0122] 



a-glucosylceramide (KRN7000) 


0 


2 mg 


Polyoxysorbitan fatty acid ester (Polysorbate 20) 


5 


mg 


Sucrose 


48 


mg 


Sodium deoxycholate 


10 


mg 


Solvent (distilled water for injection) 


q.s. 




Total 


1 ml 



[0123] According to the above-described formulation, a-glucosylceramide (KRN7000) was completely dissolved by 
healing at 80°C for 20 minutes, cooled with running water for 15 minutes, filtered through a 0.22 |Lim filter, and lyophi- 
lized to give a lyophilized preparation for injection. 

Composition 9 

[0124] 



a-glucosylceramide (KRN7000) 


0 


2 mg 


Polyoxysorbitan fatty acid ester (Polysorbate 20) 


5 


mg 


Sucrose 


48 


mg 


Sodium deoxycholate 


20 


mg 


Solvent (distilled water for injection) 


q.s. 




Total 


1 ml 



[0125] According to the above-described formulation, a-glucosylceramide (KRN7000) was completely dissolved by 
heating at 80°C for 20 minutes, cooled with running water for 15 minutes, filtered through a 0.22 jiim filter, and lyophi- 
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lized to give a lyophilized preparation for injection. 

Composition 10 
[0126] 



a-glucosylceramide (KRN7000) 


0.2 mg 


Poiyoxysorbitan fatty acid ester (Poiysorbate 20) 


5 mg 


Sucrose 


75.2 mg 


Sodium deoxycliolate 


5 mg 


Solvent (distilled water for injection) 


q.s. 


Total 


1 ml 



[0127] According to the above-described formulation, a-glucosylceramide (KRN7000) was completely dissolved by 
heating at 80°C for 20 minutes, cooled with running water for 15 minutes, filtered trough a 0.22 |Lim filter, and lyophilized 
to give a lyophilized preparation for injection. 

Composition 1 1 

[0128] 



a-glucosylceramide (KRN7000) 


0.2 mg 


Poiyoxysorbitan fatty acid ester (Poiysorbate 20) 


5 mg 


Sucrose 


72.9 mg 


Sodium deoxycholate 


10 mg 


Solvent (distilled water for injection) 


q.s. 


Total 


1 ml 



[0129] According to the above-described formulation, a-glucosylceramide (KRN7000) was completely dissolved by 
heating at 80°C for 20 minutes, cooled with running water for 15 minutes, filtered through a 0.22 ^m filter, and lyophi- 
lized to give a lyophilized preparation for injection. 

Composition 12 

[0130] 



a-glucosylceramide (KRN7000) 


0 


2 mg 


Poiyoxysorbitan fatty acid ester (Poiysorbate 20) 


5 


mg 


Sucrose 


96 


mg 


Histidine 


20 


mg 


Solvent (distilled water for injection) 


q.s. 




Total 


1 


ml 
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[0131] According to the above-described formuiation, a-glucosylceramide (KRN7000) was completely dissolved by 
heating at 80°C for 20 minutes, cooled with running water for 15 minutes, filtered through a 0.22 |Lim filter, and lyophi- 
lized to give a lyophilized preparation for injection. 

Composition 13 
[0132] 



a-glucosylceramide (KRN7000) 


0 


2 mg 


Polyoxysorbitan fatty acid ester (Polysorbate 20) 


5 


mg 


Sucrose 


69 


mg 


Histidine 


10 


mg 


Solvent (distilled water for injection) 


q.s. 




Total 


1 ml 



[0133] According to the above-described formulation, a-glucosylceramide (KRN7000) was completely dissolved by 
heating at 80°C for 20 minutes, cooled with running water for 15 minutes, filtered through a 0.22 |Lim filter, and lyophi- 
lized to give a lyophilized preparation for injection. 

Composition 14 

[0134] 



a-glucosylceramide (KRN7000) 


0.2 mg 


Polyoxysorbitan fatty acid ester (Polysorbate 20) 


5 mg 


Sucrose 


51 mg 


Histidine 


10 mg 


Solvent (distilled water for injection) 


q.s. 


Total 


1 ml 



[0135] According to the above-described formulation, a-glucosylceramide (KRN7000) was completely dissolved by 
heating at 80°C for 20 minutes, cooled with running water for 15 minutes, filtered through a 0.22 |Lim filter, and lyophi- 
lized to give a lyophilized preparation for injection. 

Composition 15 

[0136] 



a-glucosylceramide (KRN7000) 


0 


2 mg 


Polyoxysorbitan fatty add ester (Polysorbate 20) 


5 


mg 


Sucrose 


50 


mg 


Histidine 


20 


mg 


Solvent (distilled water for injection) 


q.s. 
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(continued) 



Total 



1 ml 



[0137] According to tine above-described formulation, a-glucosylceramide (KRN7000) was completely dissolved by 
heating at 80°C for 20 minutes, cooled with running water for 15 minutes, filtered through a 0.22 |Lim filter, and lyophi- 
lized to give a lyophilized preparation for injection. 

Composition 16 
[0138] 



a-glucosylceramide (KRN7000) 


0 


2 mg 


Polyoxysorbitan fatty acid ester (Polysorbate 20) 


5 


mg 


Sucrose 


32 


mg 


Histidine 


20 


mg 


Solvent (distilled water for injection) 


q.s. 




Total 


1 


ml 



[0139] According to the above-described formulation, a-glucosylceramide (KRN7000) was completely dissolved by 
heating at 80°C for 20 minutes, cooled with running water for 15 minutes, filtered through a 0.22 ^im filter, and lyophi- 
lized to give a lyophilized preparation for injection. 

Composition 1 7 

[0140] 



a-glucosylceramide (KRN7000) 


0 


2 mg 


Polyoxysorbitan fatty acid ester (Polysorbate 20) 


5 


mg 


Sucrose 


31 


mg 


Histidine 


30 


mg 


Solvent (distilled water for injection) 


q.s. 




Total 


1 ml 



[0141] According to the above-described formulation, a-glucosylceramide (KRN7000) was completely dissolved by 
heating at 80°C for 20 minutes, cooled with running water for 15 minutes, filtered through a 0.22 ^m filter, and lyophi- 
lized to give a lyophilized preparation for injection. 

Composition 1 8 

[0142] 



a-glucosylceramide (KRN7000) 
Polyoxysorbitan fatty acid ester (Polysorbate 20) 



0.2 mg 
5 mg 
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(continued) 



Sucrose 
Histidine 

Solvent (distilled water for injection) 


68.8 mg 
10 mg 
q.s. 


Total 


1 ml 



[0143] According to the above-described formulation, a-glucosylceramide (KRN7000) was completely dissolved by 
heating at 80°C for 20 minutes, cooled with running water for 15 minutes, filtered through a 0.22 |Lim filter, and lyophi- 
lized to give a lyophilized preparation for injection. 

Composition 19 
[0144] 



a-glucosylceramide (KRN7000) 


0.2 mg 


Polyoxysorbitan fatty acid ester (Polysorbate 20) 


5 mg 


Sucrose 


56 mg 


Histidine 


7.5 mg 


Solvent (distilled water for injection) 


q.s. 


Total 


1 ml 



[0145] According to the above-described formulation, a-glucosylceramide (KRN7000) was completely dissolved by 
heating at 80°C for 20 minutes, cooled with running water for 15 minutes, filtered through a 0.22 |Lim filter, and lyophi- 
lized to give a lyophilized preparation for injection. 

Composition 20 

[0146] 



a-glucosylceramide (KRN7000) 


0.2 mg 


Polyoxysorbitan fatty acid ester (Polysorbate 20) 


5 mg 


Sucrose 


51.2 mg 


Histidine 


10 mg 


Solvent (distilled water for injection) 


q.s. 


Total 


1 ml 



[0147] According to the above-described formulation, a-glucosylceramide (KRN7000) was completely dissolved by 
heating at 80°C for 20 minutes, cooled with running water for 15 minutes, filtered through a 0.22 |Lim filter, and lyophi- 
lized to give a lyophilized preparation for injection. 

Evaluation of solubility of lyophilized preparations 

[0148] When the solubility of the lyophilized preparations of the composition 1 — 20 was evaluated immediately 
after lyophilization and after storage with the passage of time, favorable solubility was obtained in all of the cases as 
shown in Table 14. 
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Table 14 



Compound No. 


Re-solubility after storage (by naked eye) 




25°C 


40°C 


50°C 




1 month 


2 months 


4 months 


1 month 


2 months 


4 months 


2 weeks 


1 


- 














2 


- 




- 










3 


- 














4 




- 


- 










5 


- 


- 


- 


- 


- 


- 


- 


6 




- 


- 




- 


- 




7 




- 


- 




- 


- 




8 




- 


- 




- 


- 




9 




- 


- 




- 


- 




10 


- 


- 


- 


- 


- 


- 




11 


- 


- 


- 


- 


- 


- 




12 














- 


13 














- 


14 
















15 
















16 
















17 
















18 
















19 
















20 

















-: clear with no precipitates. 



Industrial Applicability 

[0149] According to the present invention, when a sphingoglycolipid as an active ingredient (a-glucosylceramide 
comprising a monosaccharide as a sugar portion) which has a low solubility in water was incorporated before lyophili- 
zation in combination with a polyoxysorbitan fatty acid ester and disaccharide (such as sucrose) or monosaccharide 
(such as glucose or mannitol), the solubility of the active component in a solvent is extremely improved. It is also pos- 
sible to further enhance the re-solubility after storage for a long period by additionally incorporating sodium deoxycho- 
late or histidine into the above formulation. Thus, the composition according to the present invention is useful as the 
lyophilized preparation for injection excellent in solubility. 

Claims 

1. A lyophilized composition comprising the a-glycosylceramide represented by the following formula (A) or a salt 
thereof, a polyoxysorbitan fatty acid ester and disaccharide or monosaccharide: 
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R4 



OH 



R2 



(CH2)x CH3 



(A) 



wherein 



R-i represents H or OH, 

X denotes an integer in tine range of 7 — 25, 

R2 represents any one of the substituents defined in the following (a) — (e): 

(a) -CH2(CH2)yCH3, 

(b) -CH(OH)(CH2)yCH3, 

(0) -CH(OH)(CH2)yCH(CH3)2, 

(d) -CH=CH(CH2)yCH3, 

(e) -CH(OH)(CH2)yCH(CH3)CH2CH3, 

wherein Y denotes an integer in the range of 5 — 17, 

either one of R3 or R4 represents H, and the other represents H, OH, NH2 or NHCOCH3, 
either one of R5 or Re represents H, and the other represents OH, 
either one of R7 or R3 represents H, and the other represents OH, 
R9 represents H, CH3 or CH2OH. 

A lyophilized composition according to Claim 1, which comprises the a-glycosylceramide represented by the for- 
mula (A') or a salt thereof, a polyoxysorbitan fatty acid ester and disaccharide or monosaccharide: 




(A*) 



wherein 



Ri represents H or OH, 

X denotes an integer in the range of 7 — 25, 

R2 represents any one of the substituents defined in the following (a) — (e): 
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(a) -CH2(CH2)yCH3, 

(b) -CH(OH)(CH2)yCH3, 

(c) -CH(OH)(CH2)yCH(CH3)2, 

(d) -CH=CH(CH2)yCH3, 

5 (e) -CH(OH)(CH2)yCH(CH3)CH2CH3, 

wherein Y denotes an integer in the range of 5 — 17, 

R3 — R9 represent the substituents defined in the following i) — v): 

10 i) when R3, Rq and Rq represent H, 

R4 represents H, OH, NH2 or NHCOCH3, 

R5 represents OH, 

R7 represents OH, 

R9 represents H, CH3 or CH2OH; 
15 ii) when R3, Rq and R7 represent H, 

R4 represents H, OH, NH2 or NHCOCH3, 

R5 represents OH, 

Rs represents OH, 

Rg represents H, CH3 or CH2OH; 
20 iii) when R4, Rg and R7 represent H, 

R3 represents H, OH, NH2 or NHCOCH3, 

R5 represents OH, 

Rs represents OH, 

Rg represents H, CH3 or CH2OH; 
25 iv) when R4, R5 and Ry represent H, 

R3, Rq and Rq represent OH, 

Rg represents H, CH3 or CH2OH; 

v) when R3, R5 and R7 represent H, 

R4, Re and Rs represent OH, 
30 Rg represents H, CH3 or CH2OH. 

3. A lyophilized composition according to Claim 1 or 2, wherein R3, Rq and Rs of the a-glycosylceramide represent H, 
R4, R5 and R7 represents OH, and Rg represents CH2OH. 

35 4. A lyophilized composition according to any one of Claims 1 — 3, wherein R2 of the a-glycosylceramide represents 
substituents (b), (c) or (e). 

5. A lyophilized composition according to Claim 4, wherein R-| of the a-glycosylceramide represents H, and R2 repre- 
sents the substituent (b). 

40 

6. A lyophilized composition according to Claim 5, wherein X of the methylene in the alkyi group denotes an integer 
of 21 — 25, and Y in the group R2 denotes 11 — 15. 

7. A lyophilized composition according to Claim 6, wherein the a-glycosylceramide is (2S,3S,4R)-1-(a-D-galacto- 
45 pyranosyloxy)-2-hexacosanoylamino-3,4-octadecanediol. 

8. A lyophilized composition according to any one of Claims 1 — 7, wherein the disaccharide or monosaccharide is 
sucrose, mannitol or glucose. 

50 9. A lyophilized composition according to any one of Claims 1 — 7, wherein the disaccharide or monosaccharide is 
sucrose. 

10. A lyophilized composition according to any one of Claims 1 — 9, which further comprises sodium deoxycholate or 
histidine. 

55 

11. A lyophilized composition according to any one of Claims 1 — 9, which comprises 10 — 1 ,000 parts by weight of 
the polyoxysorbitan fatty acid ester, and 1 00 — 1 0,000 parts by weight of the disaccharide or monosaccharide to 1 
part by weight of the a-glycosylceramide. 



29 



EP 1 016 409 A1 



12. A lyophilized composition according to Ciaim 1 0, wliich comprises 10 — 1 ,000 parts by weiglit of tlie polyoxysorb- 

itan fatty acid ester, 1 GO — 1 0,000 parts by weight of the disaccharide or monosaccharide, and 10 — 1 ,000 parts 
by weight of the sodium deoxycholate or histidine to 1 part by weight of the a-glycosylceramide. 

13. A lyophilized composition according to any one of Claims 1 — 12, which is a composition for injection. 

14. A process for preparing a lyophilized composition, which comprises dissolving the components to be incorporated 
into the composition according to any one of Claims 1 — 13 in an heated aqueous solvent, cooling the solution, and 
then subjecting it to the lyophilization step. 

15. A process according to Claim 14, wherein the components to be incorporated is dissolved at 65 — 90°C, and the 
solution is then cooled at a temperature lowering rate of 1 .0°C/min or more. 

16. A process according to Claim 15, wherein the solution is cooled rapidly at a temperature lowering rate of 1 .5°C/min 
or more. 

17. A process according to Claim 15, wherein the solution is cooled rapidly at a temperature lowering rate of 2.0°C/min 
or more. 

18. A process according to Claim 15, wherein the solution is cooled rapidly at a temperature lowering rate of 4.0°C/min 
or more. 
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